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ABSTRACT 
MACKETT, R .L. (1979) Modelling the  impact of t ransport  planning 
policy upon land use. Leeds: University of Leeds, Ins t .  Transp. 
Stud 
-- 9 W 115. 
I n  t h i s  paper t h e  r e su l t s  from the validation of an integrated 
land use and t ransport  model are  described. The goodness-of-fit 
fo r  t he  forecasts a r e  considered not only f o r  t he  time horizon, but 
a lso i n  terms of t he  change over time, which i s  a much more sens i t ive  
t e s t .  The sens i t i v i t y  of t he  land use and transport  forecasts t o  
changes i n  t he  monetary cost  of t r ave l  are  examined t o  see t o  what 
extent the  locat ion of housing, population, employment and jobs, and 
the journey t o  work respond t o  such changes. The s p a t i a l  e f fec t s  of 
these changes a r e  demonstrated by finding the land use d i s t r ibu t ion  
for  three concentric r ings.  The influence of land use changes upon 
time and money expenditure a r e  examined by using t h e  relevant 
elements of t he  generalised cost  functions with t h e  t r i p  matrices 
computed under th ree  different  assumptions when t h e  monetary cost  
of t r ave l  is varied: keeping modal s p l i t  and land use constant, 
keeping only land use constant, and allowing both t o  respond. The 
paper i s  concluded with discussion of fur ther  model improvements and 
applications of t he  model. 
MODELLING THE IMPACT OF TRANSPORT 
PLANNING POLICY UPON LAND USE 
1. INTRODUCTION 
This paper i s  concerned with measuring the  va l id i ty  and sens i t i v i t y  
of an integrated land use and transport  model. It includes the 
interact ion between population, housing, employment, jobs, shopping and 
transport .  Consequently, the  model i s  f a i r l y  complex and a  f u l l  
description is  beyond the scope of t h i s  paper. We s h a l l  concentrate 
upon two aspects - measuring how good the forecasts a r e  over a  f ive  
year period and examining how much effect  changes i n  t he  monetary cost  
of t r ave l  by public and pr ivate  modes influence the  locat ion of urban 
a c t i v i t i e s  and infras t ructure .  
This research has reached a  stage where c r i t i c i sm i s  par t icu la r ly  
welcome. Consequently t he  weaknesses a s  well as  t he  strengths a r e  
outlined with t he  intent ion t h a t  t h i s  w i l l  provoke discussion and 
consequently fur ther  Wknowledge and understanding of t h e  behaviour 
of urban systems. 
2. THE MODEL 
The model being used i n  t h i s  study was or ig ina l ly  developed i n  t he  
In s t i t u t e  for  Transport Studies a t  the  University of Leeds on a  
research grant from the  Science Research Council. It has been fur ther  
developed and applied under a  contract from t he  Transport and Road 
Research Laboratory. The model s ta r ted  out as  a  form of Lowry model 
(1)  but has been modified considerably since then with t he  introduction 
of modal s p l i t  and car  ownership and the d i s t inc t ion  between houses and 
jobs on the  one hand, and t h e  locat ion of people i n  them on the other. 
Housing i s  located on the  bas i s  of the  ava i lab i l i ty  of land, t he  extent 
of exis t ing r e s iden t i a l  development and measures of access ib i l i ty  t o  
jobs and other res ident ia l  areas.  The indus t r ia l  sectors  a r e  divided 
on the basis  of degree of responsiveness t o  changes i n  access ib i l i ty  (21, 
from mining which has no short-run response, t o  shopping for  which t h e  
s p a t i a l  d i s t r ibu t ion  of employment i s  f a i r l y  vo la t i l e .  The model has 
been fu l ly  described elsewhere (3 ,  4 )  and so w i l l  not be fur ther  
outl ine here except i n  detazls  relevant t o  t h i s  analysis of r e su l t s .  
3. TRANSPORT COSTS 
I n  t h i s  model interzonal trnasport  costs are  represented i n  a 
similar way t o  those i n  t he  conventional transport  model, fo r  two modes: 
public and pr ivate  t ransport .  For private transport  (mode 1) we have: 
and for  public t ransport  (mode 2) :  
e + f  d . .  
- + J + w ( t i  + tWj) + w(2) x . .  t S c .  1 j2  - t i j 2  
v 1 J 
where 
c . .  i s  t h e  generalised cost  of t r a v e l  between zones i and j 
1 ~ k  
i n  minutes by mode k;  
t . .  i s  t he  t r a v e l  time between zones i and j i n  minutes by 
1Jk 
mode k;  
di j  is  t he  distance between zones i and j i n  kilometres; 
i s  t h e  cost of parking i n  zone j i n  pence; 
i s  t h e  perceived operating cost of a car  i n  pence per  
vehicle km; 
i s  t h e  value of time i n  pence per minute; 
i s  t h e  mean pr ivate  vehicle occupancy r a t e ;  
i s  t he  bus f a r e  boarding element i n  pence; 
is t h e  bus f a r e  distance element i n  pence per km; 
i s  the  walking element of t he  public t ransport  t r i p  i n  
zone i, i n  minutes; 
i s  t h e  mean waiting time for  public transport  i n  minutes; 
i s  t h e  number of buses used t o  t r ave l  from zone i t o  
zone j; 
is t he  value of walking time r e l a t i ve  t o  in-vehicle time; 
is t he  value of waiting time r e l a t i ve  t o  in-vehicle time. 
Peak t r ave l  times a r e  used f o r  t he  journey t o  work, off-peak for  
other t r i p s .  A t  present fixed t r ave l  time and distance matrices a r e  
used for  eacht ime period, but work i s  proceeding on the  incorporation 
of capacity r e s t r a in t  assignment so tha t  t he  e f f ec t s  of congestion can 
be assessed. 
- 
The values of the various parameters in the above equations were 
based upon those used in the WYTCONSULT transportation study of West 
Yorkshire (5). Information about changes in the road network has been 
taken from the Leeds Development Plan and the West Yorkshire T.P.P. 
Information about public transport times and fare levels has been based 
upon the published timetables and related documents. All prices have 
been converted to a 1975 level using the retail price index. The road 
distances were measured on ordnance survey maps. Work is currently 
proceeding to use the generalised cost matrices developed in the 
WYTCONSULT study. 
4. CALIBRATION 
The model is calibrated in four stages. The journey to work 
distance deterrence parameters are found first, using special tabulations 
of the journey to work from the Census of Population. Parameter values 
are obtained for three social groups and two car ownership groups (that 
is, those with and those without a car). These parameters are obtained 
by the maximum likelihood method (6, 7 ) ,  and are used for forecasting 
the residential and employment location choice processes. Similarly, 
the spatial demand for shops and other services are calibrated against 
a small household survey (8)  to obtain parameter values representing 
distance deterrence and the scale effects of different sizes of shopping 
centres. The calibration of housing and primary and secondary industrial 
location is to obtain parameters representing non-linearities between 
the variables being located and the factors determining those locations. 
The calibration process is described more fully elsewhere (3). 
5. GOODNESS-OF-FIT STATISTICS 
A model must be shown to be a good representation of the system 
under consideration before it can be used for forecasting. This should 
be done at both the calibration and the forecasting stages. Furthermore, 
the tests on the forecasts should not just be on the values obtained at 
the future date, but on the change,over the period being considered. 
This applies to both the distribution of activities and infrastructure, 
and the trip pattern. The author does not know of any studies where 
such comprehensive tests have been carried out. Generally only the 
goodness-of-fit on the calibration - is measured. 
A whole range of s t a t i s t i c s  can be used t o  measure t he  goodness- 
o f - f i t ,  each with advantages and disadvantages. In  t h i s  paper, as well 
as  comparing the  means and standard deviations t he  coeff ic ient  of 
2 determination (R ) and t h e  U-test are  used. The coeff ic ient  of 
determination i s  probably the  most widely used measure, and represents 
t he  proportion of var ia t ion i n  t he  dependent var iable  explained by 
covariation with t h e  independent variables.  It does tend t o  be ra ther  
insensi t ive  a t  high values and, s t r i c t l y  speaking, requires t he  data 
t o  be normally dis t r ibuted.  It takes values from 0 (no correla t ion)  
t o  1 (perfect  correla t ion)  but a value of 1.0 implies an exact l i nea r  
re la t ion ,  ra ther  than a perfect  f i t .  The U-test (9 )  is  similar t o  t he  
coefficient of determination but does not have the  problem of t he  
l inear  re la t ionship.  A value of 0 represents a perfect  fit, 1 i s  
'maximum inequali ty '  and according t o  t he  authors a value of l e s s  than 
0.1 i s  considered good, 0.1 t o  0.3 average, and greater  than 0.3 poor. 
6. FORECASTING WITH THE MODEL 
The model has been applied t o  the  c i t y  of Leeds, with 28 zones i n  
the  c i t y  ( i n  fac t  t h e  old County Borough), plus 12 external zones for  
which only in te rac t ion  with Leeds i s  modelled (see reference 10  f o r  
de t a i l s  of the  external zone methodology). The zones i n  Leeds are  the  
wards i n  existence a t  1966. The enumeration d i s t r i c t s  used i n  t he  1971 
Census of Population have been aggregated t o  these zones so t h a t  t he  
model can be cal ibrated against 1966 data and the  forecasts  t o  1971 
compared with t h e  r e a l  s i tua t ion .  Data on population and housing have 
been taken from the  Ward and Parish Library, on the  journey t o  work and 
employment from the Workplace Analysis and on the  d i s t r ibu t ion  of land 
between a c t i v i t i e s  from land use maps supplied by Leeds CB and MD 
Councils. 
A model a s  complex a s  t h i s  yie lds  vast quant i t ies  of r e su l t s ,  so 
various devices have t o  be adopted t o  permit analysis of t he  changes 
going on. Three soc ia l  groups are  considered - soc ia l  group 1 a r e  
professional and managerial, soc ia l  group 3 a r e  unskil led manual 
workers and soc ia l  group 2 the  r e s t .  This, together with t he  car  
ownership/non car ownership dichotomy, means t h a t  t he  impact of planning 
pol ic ies  and other changes upon different groups i n  t h e  cornunity can 
be examined. Another devic5 t h a t  i s  used i s  the  aggregation of t h e  
zones i n t o  three areas - area I being the cen t ra l  area  and surrounding 
inner c i t y ,  area  2 i s  t h e  inner suburbs, largely b u i l t  before t he  l a s t  
war, and area 3 t he  post war development, plus some 1930's council 
es ta tes .  
The model has been cal ibrated against data f o r  both 1966 and 1971. 
The l a t t e r  i s  used for  forecasts,  i n  f ive  yearly increments, t o  1991 
t o  consider t he  impact on Leeds of pol ic ies  such a s  those put forward 
i n  the  West Yorkshire Structure Plan. In  t h i s  paper t he  r e su l t s  
being considered a re  those based upon the 1966 ca l ib ra t ion  with a 
forecast t o  1971, so t h a t  t he  va l id i ty  of these can be assessed. 
The study area i s  specified i n  d e t a i l  f o r  t h e  base year i n  terms 
of the  spa t i a l  d i s t r ibu t ion  of population, housing, employment and 
land al locat ion,  plus survival r a t e s  for  t he  r e s iden t i a l  and employment 
locations.  The t o t a l  population i n  each social  group and t h e  t o t a l  
number of jobs i n  each indus t r ia l  sector ,  a r e  specified exogenously 
(but can, of course, be kept constant) together with t h e  policy 
variables which can be specified f o r  one o r  more zones, such as  t he  
number of new houses, t he  number of new jobs, the  re lease of land for  
development, t he  demolition of housing or  a par t icu la r  soc ia l  mix i n  
the  population. These can be used e i ther  t o  represent known information 
o r  as  par t  of a planning policy option for  t es t ing .  The model has been 
designed t o  produce a forecast  taking these variable values i n to  account. 
7. MEASURING THE GOODNESS-OF-FIT OF THE MODEL FORECASTS 
It was decided t o  compare the goodness-of-fit of as  many sec tors  
of t he  model as  possible,  and since t h i s  i s  a research exercise ra ther  
than a planning study a s  such, t o  show re su l t s  whether good or bad, so 
t h a t  an assessment of t h e  va l id i ty  of t he  model can be made, and thought 
be given t o  why the  f i t  i s  poor for  some sectors.  I n  view of t he  
l imited space avai lable  t h e  fit of t he  cal ibrat ion w i l l  not be 
considered here. 
I n  Table 1 the  goodness-of-fit against data for  1971 i s  shown from 
a cal ibrat ion i n  1966. It w i l l  be noticed tha t  the  means a r e  iden t ica l  
with t he  exception of t h e  employment disaggregated by soc ia l  group and 
the t r i p s  t o  work by each mode and i n  aggregate. The former difference 
is  because the proportion of people i n  each industry who a r e  i n  each 
soc ia l  group i s  kept constant i n  t h e  forecasts ,  so must be kept constant 
here. There has c lear ly  been an increase i n  t h e  number of people i n  
the  top  social  group which i s  hidden by the  assumption i n  t h e  model. 
social  group 3 
construction 
transport  and 
convenience 
durable r e t a i l  
Table 1. 
- 
Goodness-of-fit of   re diction against 1971 data 
Note 
-
Square brackets around the value of R~ indicate 
that t he  value of R i s  negative. 
The forecast  of t h e  d i s t r ibu t ion  of housing is  f a i r l y  good, 
considering t h a t  housing locat ion i s  dependent upon policy considerations. 
Normally one would expect a t  l e a s t  some housing t o  be located exogenously, 
with t he  model being used t o  locate  the  r e s t  on the basis  of land 
ava i lab i l i ty ,  ex is t ing  housing and r e l a t i ve  access ib i l i ty  t o  jobs and 
other res ident ia l  areas. 
The location of population has a very good f i t ,  with t h e  exception 
of soc ia l  group 3. The model a l locates  new residents  i n  t h e  top  soc ia l  
group f i r s t ,  i n  effect  l e t t i n g  them choose from the  avai lable  housing 
on the basis  of t he  number of vacant houses, t h e  soc i a l  c lass  of t he  
people already l i v ing  there ,  the  access ib i l i ty  t o  shops and the 
access ib i l i ty  t o  employment by the  modes available. The second social  
group has the  choice of t he  remaining housing, with t he  bottom soc ia l  
group having t o  loca te  i n  t he  r e s t .  Consequently t he  bottom soc ia l  
group i s ,  i n  some ways, a res idual  category. 
For employment, t he  goodness-of-f it s t a t i s t i c s  a r e  very similar for  
t he  three soc ia l  group because of t he  disaggregation method used. A l l  
are  a good f i t .  
There a r e  some wide differences i n  t he  f i t s  f o r  t he  twelve 
indus t r ia l  categories. Mining and gas, water and e l e c t r i c i t y  a r e  not,  
i n  t h e  short run, l i k e l y  t o  respond t o  changes i n  access ib i l i ty ,  and are 
f a i r l y  small. Mining has a very poor f i t ,  but i s  too  s m a l l  t o  worry 
about. Agriculture i s  a l so  small, and the  change i n  locat ion is  par t ly  
a function of t he  mount of agr icul tural  land taken up by new urban 
development. The f i t  here i s  not very good. The categories manufacturing, 
transport  and communication and public administration a l l  have good 
f i t s .  Construction i s  not such a good f i t ,  but t h i s  is  a very d i f f i c u l t  
sector t o  locate  i n  r e a l i t y ,  because some workers may give t h e  address 
of t h e i r  firm as  t h e i r  workplace, others t he  par t icu la r  s i t e  they are  
working on, so t he  problem may be with t he  data ra ther  than the model. 
Durable r e t a i l  has an almost perfect  fit, while convenience is  only 
moderate. The three  non-retail service sectors all have good f i t s .  The 
t e s t s  on the  journey t o  work matrices a l l  y ie ld  good f i t s ,  comparable 
with most transport  studies.  Examination of t he  means shows t h e  
underprediction i n  t he  number of t r i p s  by public transport .  If the  modal 
s p l i t  were forecast  more accurately ( t he  model predicts 38.8% using 
pr ivate  t ransport ,  compared with 30.7% i n  r e a l i t y  for  the  whole study 
area i n  1971), then the s p a t i a l  d i s t r ibu t ion  of t r i p s  might be even be t t e r .  
social  group 1 
social  group 1 
manufacturing 
construction 
t r a n ~ p o ~ t  and 
convenience 
Table 2. Goodness-of-fit of change over the  period 1966-1971 
Note Square brackets around the  value of R~ ind-icate t ha t  
the  value of R i s  negative. 
Overall, it can be sa id  t h a t  the  f i t  of t h e  model, as  shown i n  
Table 1 is good. Turning t o  Table 2, the  comparison of t he  forecasts 
change over t he  period 1966 t o  1971 with t he  actual  change, shows a 
dif ferent  picture.  A look a t  t he  mean changes i l l u s t r a t e s  one very 
important feature ,  namely, t h a t  the  model can handle decline as  well 
as  growth. Both population and employment leve ls  i n  t he  c i t y  of 
Leeds have dropped between 1966 and 1971, but with growth i n  some 
sectors and decline i n  others - a good argument f o r  using such 
disaggregations i n  t he  model. Once again the main differences between 
t h e  model and r e a l  means a r e  f o r  employment by soc ia l  group. This 
suggests t h a t  a b e t t e r  method i s  required for  t h i s  process, f o r  example 
attaching spa t i a l  l abe ls  t o  t he  conversion matrix might help. The 
t r i p s  t o  work have mean changes tha t  are  c loser  than would be expected 
from Table 1, suggesting tha t  the  cause of t he  problem is  the  def ini t ion 
of transport  costs i n  1966, ra ther  than the  changes introduced between 
1966 and 1971. 
There is  much greater  var ia t ion between individual pa i r s  of r e a l  
and model values when t h e  change over time i s  being considered, a s  
a comparison of t h e  standard deviations i n  Tables 1 and 2 shows. 
2 As would be expected the  f i t s ,  as  shown by the  R and U values 
a r e  much poorer. I ronical ly ,  the  best  fit appears t o  be for  mining 
( R ~  = 0.99, U = 0.08) which had a negative value of R i n  Table 1. I n  
fact  only 8 of t he  28 zones had any mining employment i n  1966. This 
does i l l u s t r a t e  t h e  need for  care i n  interpreta t ion o f t h i s  type of 
resu l t .  
The f i t  on the  population forecast changes a r e  not par t icu la r ly  
good, but t he  overal l  f igure  of R' = 0.70 i s  f a i r l y  reasonable, and 
the  fi ts  a re  be t t e r  t he  higher t he  social  group. As would be expected 
the f i t  for  t he  employment change for  soc ia l  group 1 is  very poor, 
again suggesting the  need for  fur ther  thought on the  disaggregation 
method. Otherwise t he  fits a re  f a i r l y  good. 
There is  a very wide var ia t ion i n  the  r e su l t s  for  t h e  i ndus t r i a l  
sectors.  Two cases, t ransport  and public administration actual ly  
have a negative correla t ion and some others almost none, and yet  
-. 
the  equivalent f i t s  on Table 1 were very good. Durable r e t a i l  again 
comes out best  (apart from mining, which must be regarded a s  a 
freak r e s u l t ) ,  with a very good f i t .  
Notwithstanding the  comments above about t h e  chttnges i n  
the  mean values f o r  t h e  t r i p s  by each mode, t he  f i t  f o r  p r iva te  t r i p s  
i s  poor, and only f a i r  on public t r i p s .  This suggests it is  the  
spa t i a l  d i s t r ibu t ion  of costs  t h a t  i s  a t  f a u l t ,  o r  t h e  terminal costs. 
The aggregate value i s  dragged down by the  poor showing by the  pr ivate  
mode. 
I n  conclusion, the  f i t  of t he  model i s  f a i r l y  good, when the  
leve ls  i n  t he  forecast  year a r e  compared with t he  ac tua l  values. 
This suggests t h a t  t h i s  model can stand comparison with any other similar 
model. However, the  r e su l t s  from Table 2 suggest t h a t  when a much more 
sensi t ive  t e s t  i s  applied the  good f i t s  of Table 1 may be hiding more 
than they show. This has very important implications f o r  transportation 
and land use modelling. How many firms of consultants have computed 
the f i t  on the change i n  t he  number of t r i p s  over time i n  t h e i r  
various studies around the  world? The author would l i k e  t o  suggest 
t ha t  some might become ra ther  worried i f  they did. The ra ther  poor 
f i t s  i n  Table 2 should not be seen as an indictment of t h i s  model, 
ra ther  as  a warning t o  others t o  take care i n  t he  in te rpre ta t ion  
of the  va l id i ty  of t h e i r  models. They may not be as  good as  they think. 
8. SENSITIVITY OF LAND USE TO CHANGES I N  TRANSPORT COSTS 
In t h i s  section the amount of change induced i n  t he  locat ion of 
population, housing, jobs and employment brought about by changes i n  
the  monetary cost of t r a v e l  w i l l  be considered. For the  sake of 
consistency with other r e su l t s  the  changes w i l l  be over t h e  period 
1966 t o  1971, with t he  adjustments made t o  t he  car  operating costs  
and bus fa res .  There a r e  a whole range of possible changes t h a t  could 
be tes ted ,  but these have t h e  advantage of being both f a i r l y  simple and 
policy sensi t ive ,  i n  t he  sense t h a t  the  government (cen t ra l  or  l oca l )  
does have some control  over t he  pr ice  of pe t ro l  or  bus fa re  levels .  
There i s  the  s l i gh t  disadvantage t h a t  t he  pr ivate  costs  include the  
cost of parking i n  monetary units.  This i s  kept constant even when 
t h e  perceived operating cost  of cars  is varied since there  i s  no 
reason t o  assume t h a t ,  f o r  example, reducing the  cost of t r ave l  by 
car  would resu l t  i n  an iden t ica l  reduction i n  t he  cost of parking. 
Indeed, t he  re la t ionship may be an inverse one. 
Table 3. Percentage n e t  displacement i n  t he  location of new 
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The f i r s t  t e s t ,  i l l u s t r a t e d  by Table 3 ,  i s  t o  see how much 
change is brought about i n  each sector by a change i n  t he  cost of 
t rave l .  The perceived operating cost and fa re  leve ls  have been 
reduced t o  zero, halved, increased by a half  and doubled. 
The f i r s t  general comment on the  e f fec t s  i s  the  symmetry of t he  
r e su l t s  - an increase or  a decrease has a similar effect  i n  terms 
of t h e  net displacement. Housing has been shown i n  terms of the  
e f fec t  on both new and t o t a l  housing. Clearly t he  e f fec t  on new 
housing i s  ra ther  greater .  The displacement of t o t a l  population i s  
very similar t o  t ha t  f o r  t o t a l  housing, which i s  not surprising 
since housing largely determines t he  location of population. 
However, t he  locat ion of t he  individual social  groups i s  much more 
sensi t ive ,  which is good reason for  such a disaggregation. As 
mentioned above, soc ia l  group 3 i s  located a f t e r  t he  others,  and i s  
numerically t he  smallest ,  so tends t o  be the most sensi t ive .  Because 
housing i s  more sens i t ive  t o  changes i n  private t ransport  costs ,  
population i s  also.  However, t he  population i s  the  top  soc ia l  group, 
who have t h e  highest car  ownership leve l ,  are  ra ther  more sensi t ive  
t o  changes i n  pr iva te  car  costs  than i n  bus fa res ,  r e l a t i ve  t o  t he  
other social  groups. 
Interest ingly,  t h e  locat ion of employment is  ra ther  more 
sensi t ive  t o  public transport  cost changes. This is  because of t he  
very high leve l  of s ens i t i v i t y  of r e t a i l  and service a c t i v i t y  t o  
changes i n  public t ransport .  For the  reasons mentioned above there  
are  f a i r l y  small differences between the  three soc ia l  groups. There 
i s  an in te res t ing  difference between the  secondary indus t r ia l  sectors  
(manufacturing and so on) and the  shopping and service sectors.  The 
former are  more sensi t ive  t o  t he  cost  of pr ivate  t ransport  while t he  
l a t t e r  are  affected more by changes i n  public t ransport .  This i s  
quite reasonable since manufacturing and similar firms a re  concerned 
about access t o  other firms whereas shops and services need t o  be 
near t h e i r  customers, who tend not t o  use a car.  
Similar measures can be calculated for  t he  journey t o  work 
pattern.  The overal l  value represents t he  change i n  t h e  d i s t r ibu t ion  
(and land use) pat tern,  those by mode include both t h i s  effect  and 
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s o c i a l  group 1 
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const ruct ion  
t r anspor t  and 
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Table 5.  Effects  on t h e  s p a t i a l  d i s t r i b u t i o n  of housinp population 
and employment and jobs of changes i n  t h e  bus f a r e .  
Note: area  1 = inner  c i t y  
a r e a  2 = inner  suburbs 
a rea  3 = outer  suburbs. 
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Table 6. Effects  on t h e  s p a t i a l  d i s t r i b u t i o n  of housing, population, 
employment and jobs of changes i n  t h e  c a r  operat ing cos t .  
Note: a rea  1 = inner  c i t y  
a rea  2 = inner  suburbs 
a rea  3 = outer  suburbs 
mode switching. Because the majority of t r i p s  are  by public t ransport ,  
these changes have a greater  effect .  
As well as  t he  degree of net displacement of t he  land uses by 
changes i n  transport  costs  it i s  useful t o  examine the  s p a t i a l  
d i s t r ibu t ion  of the  changes as  shown i n  Tables 4,5 and 6. This i s  
most ea s i ly  done by using t h e  three areas - the  inner c i t y  (including 
the  cen t ra l  a rea) ,  t he  inner suburbs and the outer suburbs ( referred 
t o  as  areas 1,2 and 3 respectively).  The monetary costs  have been 
reduced t o  zero and doubled, and a re  compared with t h e  basic  application 
The r e su l t s  from Table 3 suggest t h a t  applying ha l f  t he  changes would 
have approximately half  the  effect .  
Perhaps the  most noticeable overal l  e f fec t  i s  t h a t  t h e  changes 
i n  monetary costs  by the  two modes work i n  opposite direct ions .  A 
decrease i n  car  costs  has a similar e f fec t  t o  an increase i n  bus 
costs  as  explained below. 
It is  eas ie r  t o  consider t he  e f fec t s  i n  terms of a r i s e  i n  transport  
costs  (since t h i s  i s  t h e  general t rend i n  public t ransport  a t  l e a s t ) .  
Let us consider public t ransport  costs,  as  shown i n  Table 5,  f i r s t .  
As bus fares  r i s e ,  people are  re luctant  t o  make such long t r i p s  t o  
the  shops and services,  so t h a t  these tend t o  decentralise,  moving 
closer  t o  t h e i r  customers. In  practice,  t h i s  means new shops w i l l  
open i n  t he  suburbs replacing those nearer t he  c i t y  centre and 
exis t ing shops w i l l  a l t e r  t h e i r  employment levels .  To a l e s se r  extent,  
manufacturing industry and similar sectors w i l l  also demonstrate 
decentralisation t o  be near a sui table  supply of labour. Again we 
are  not ta lking of firms moving physically, ra ther  t h e  replacement of 
exis t ing firms i n  new locations and adjustment i n  t h e  r e l a t i ve  
employment levels .  House builders would find areas defined as  t h e  
outer suburbs and most a t t r ac t ive ,  because the  jobs would tend t o  
move outwards and t r a v e l  has become more expensive. The top  soc i a l  
group, who have first choice of housing would tend t o  move t o  t h i s  
area,  as wouldtbe middle soc ia l  group. As ever, the  bottom soc ia l  
group has t o  choose from the r e s t .  
When car  costs  r i s e  t he  e f fec t s  a r e  ra ther  d i f fe ren t  as shown 
i n  Table 6. This is  because over t he  periods being considered, t h e  
r e a l  cost of public t ransport  i n  Leeds rose dramatically while t he  
r e a l  cost of t r a v e l  by car  dropped. The general trend t o  decentralis- 
a t ion i s  encapsulated i n  the  cal ibrat ion process of t h e  model, and 
t h i s  i s  then re f lec ted  i n  t he  behaviour when these trends are  continued. 
Consequently the  reduction i n  car  costs leads t o  fur ther  decentralisation 
of economic ac t iv i ty  and housing, and consequently of population. 
The scenarios s p e l t  out here f o r  t h e  changes i n  t h e  s p a t i a l  
d i s t r ibu t ion  of employment, housing and population i n  response t o  
changing t ransport  costs a r e  qui te  plausible. There is  a need for  
further information on the  behaviour of urban systems so t h a t  t he  
effects  of such responses can be studies.  One way t o  do t h i s  i s  t o  
ask people and firms about t h e i r  past and potent ia l  responses t o  such 
changes. While accepting t h a t  t h i s  task i s  fraught with d i f f i cu l t i e s  
it i s  intended t o  carry out research i n  t h i s  f i e l d  i n  t h e  I n s t i t u t e  
for  Transport Studies, with par t icu la r  reference t o  London and South- 
East England, where t h e  e f fec t s  of changes i n  t ransport  costs  on 
locat ional  behaviour a r e  l i k e l y  t o  be much more severe. 
9. THE INFLUENCE OF LAND USE CHANGES UPON TIME AND MONEY EXPENDITURE 
As described elsewhere (4) t h i s  model has the  advantage t h a t  
transport  planning pol ic ies  being tes ted  with t he  model w i l l  not only 
induce a change i n  t r i p  d i s t r ibu t ion  and modal s p l i t ,  but a l so  i n  
the  location of t he  t r i p  ends. I n  t h e  conventional t ransport  model, 
the  number of people l i v ing  and working i n  each zone w i l l  be determined 
pr ior  t o  consideration of t h e  cost of t rave l .  Consequently, t he  
effects of a change i n  t ransport  costs  w i l l  be over-estimated using 
the conventional t ransport  model. For example, i f  t ransport  costs  
r i s e ,  a c t i v i t i e s  tend t o  locate  closer together, so t h a t  t he  increase 
i n  the  overal l  expenditure on t r a v e l  w i l l  be l e s s  than t h a t  given by 
the  conventional model. This may pa r t l y  account for  some of t he  
overpredictions made by transportation studies i n  t he  past .  Table 7 
i l l u s t r a t e s  these points.  The t ab l e  shows the e f fec t s  of varying 
t r ave l  costs on the  modal s p l i t  and the  t o t a l  money and time 
expenditure on each mode and i n  aggregate. The effects  on time and 
Table 7. Expenditure i n  money and time on t h e  journey t o  work t r i p  
under a l t e r n a t i v e  assumptions about t h e  response of t h e  
urban system t o  change i n  t h e  monetary cos t  of t r a v e l .  
- 
Note: 1) units: modal s p l i t  is  the  percentage o r  t r i p s  t o  work made 
-
by pr iva te  t r anspor t .  4 noney expenditure i s  i n  El0 per day 6 time expenditure i s  i n  10 minutes per  day. 
2)  f o r  p r i v a t e  t r anspor t  only t h e  operat ing c o s t ,  not t h e  parkidg 
-charge is  being varied.  
money have been calculatedby using the  relevant elements of t he  
generalised cost  functions with t he  t r i p  matrices computed under 
three d i f fe ren t  assumptions. The top  s e t  of f igures show the  effect  
of keeping both land use and modal s p l i t  constant. Consequently t he  
time expenditures a r e  constant and the money expenditures vary i n  
d i rec t  proportion t o  the  change for  t he  par t icu la r  mode being 
considered. (As previously, parking charges are  not being var ied) .  
The second se t  of f igures shows the effect  of l e t t i n g  people switch 
mode and varying the  t r i p  d i s t r ibu t ion  matrix subject t o  t he  fixed 
t r i p  ends, as i n  t he  conventional transport  model. The t h i r d  s e t  of 
f igures show the  effects  of l e t t i n g  the land use respond a s  well a s  
t he  modal s p l i t  and the t r i p  dis t r ibut ion.  The t o t a l  amount of money 
spent has implications i n  terms of public transport  revenue and fue l  
tax,  while t he  time spent i s  a measure of t o t a l  t r ave l  i n  t he  system 
and so has soc ia l  implications since t r ave l  i n  i t s e l f  has l i t t l e  or  
no benef i t ,  it is only the  opportunities it makes avai lable  t h a t  are  
important. The model can be used t o  compute t he  mean money and time 
spent by members of each soc ia l  group so t h a t  t he  impact i n  t r ave l  
terms of par t icu la r  po l ic ies  can be computed and compared with t he  
opportunities made available by t h e  policies.  
As implied above, allowing land use t o  respond reduces the shift 
i n  modal s p l i t  i n  response t o  a change i n  t r ave l  cost .  There i s  a l so  
l e s s  change i n  t o t a l  t r ave l ,  as shown by the  amount of time spent 
i n  response t o  a par t icu la r  change. This has consequent implications 
f o r  t he  amount of money spent. 
Comparisons can be made between the e f fec t s  on the  two modes. 
As shown by the  modal s p l i t ,  t h e  majority of t r ave l l e r s  a r e  using 
public t ransport ,  hence overal l  changes tend t o  be greater  for  t h i s  
mode. 
10. IiWTHER MODEL IMPROVEMENTS 
While t h i s  model includes some interest ing features there  is 
scope for  fur ther  research. F i r s t l y ,  t he  model has locat ional  choice 
as  a function of t ransport  costs ,  but migration may be regarded 
as  a two-stage process - the  decision t o  move, then the  choice of 
destination.  The second stgge is included, but not the  f i r s t .  I n  
other words, the  number of survivors a t  each end of t he  work t r i p s  i s  
independent of changes i n  t he  cost of t rave l .  A s  f a r  as  is  known, 
nobody e l se  has done t h i s  with t h i s  type of model, and hopefully 
the  new project  mentioned i n  section 8 w i l l  help. A second, re la ted  
topic for  fur ther  work i s  t o  l i nk  together behaviour pat terns  within 
the household, f o r  example, i n  terms of car  ava i l ab i l i t y  for  t he  
different t r i p  purposes, t he  locat ional  and household formation 
decision processes par t icu la r ly  of members of households who work, 
but a r e  not its head. A t h i rd ,  more general problem, is  t o  r e l a t e  
the  overal l  l eve l  of a c t i v i t y  (population, employment and so on) 
of the  study area t o  i t s  s p a t i d  d i s t r ibu t ion  and relevant planning 
pol ic ies ,  t ha t  i s ,  t o  move away from just  d i s t r ibu t ing  a c t i v i t i e s  
t o  defining functional re la t ionships  a t  di f ferent  l eve ls  of 
resolution. This would, almost cer ta inly,  make t h i s  type of model 
much more a t t r ac t ive  t o  policy makers, f o r  whom the  s p a t i a l  
d i s t r ibu t ion  of a c t i v i t i e s  i s  secondary t o  t he  overal l  l e v e l  i n  
t h e i r  c i t y  or  region. Hierarchical modelling is only a small s tep  
towards t h i s .  
11. APPLICATION OF THE MODEL 
A s  mentioned above, t h i s  model i s  being applied a s  par t  of a 
TRRL contract. So f a r  two study areas have been used - Leeds and 
Harrogate. For each a var ie ty  of land use/transport policy 'bundles' 
have been defined and t h e  model i s  being used t o  examine the 
implications of these,  the  l a t t e r  study i n  conjunction with North 
Yorkshire County Council. The model is  being used f o r  Harrogate t o  
see t he  implications of a par t icu la r  policy, f o r  example a new 
hypermarket o r  by-pass. In  Leeds one of t he  most important aspects 
i s  t o  consider t he  influence of pol ic ies  upon the  inner c i t y ,  both 
transport  pol ic ies  of t h e  type considered i n  t h i s  paper and the  land 
use/transport policy bundles. A t  present the  forecasts a r e  taken 
forward from a base year of 1971 t o  1991 i n  f ive  yearly increments. 
I n  pa ra l l e l  with t h i s  exercise a study of t he  changes i n  Leeds from 
1 8 9 1 t 0  1971 i n  twenty year increments with a simpler version of t he  
model, is being carr ied out. The objective of t h i s  i s  t o  examine 
the influence of change i n  t ransport ,  both technologically and 
spatially, on urban morphology. There are great problems obtaining 
suitable data and there is insufficient time to go into great depth, 
so the exercise is being kept as simple as possible (which still 
involves a great deal of effort). 
12. CONCLUSION 
The author has tried to demonstrate some results from a rather 
complex model, in order to show the type of results obtained, the 
problems encountered and to provoke discussion of the issues raised. 
It is quite clear that there are many questions still to be answered; 
nevertheless, the type of result produced here certainly seems to be 
one approach to some fairly fundamental questions about the behaviour 
of urban systems, particularly in response to changes in transport costs. 
REFERENCES 
1 LOWRY, 1.8. (1964) A model of metropolis, RM-4035-~~ and 
Corporation, Santa Monica) 
2 MACKETT, R.L. (1976a) The categorisation of i ndus t r i a l  sectors  
i n  urban models, Environment and Planning A, volume 8,  
pp 109-110. 
3 MACKETT, R.L. (1976bj The theore t ica l  s t ructure  of a dynamic 
urban a c t i v i t y  and stock al locat ion model. Working Paper 
68, I n s t i t u t e  for  Transport Studies, University of Leeds, 
Leeds . 
4 MACKETT, R.L. (1977) Modifications t o  a transportation model t o  
include land uses. Proceedings of t he  1976 PTRC Summer 
Annual Meeting. 
5 WYTCONSULT (1976) The s t ructure  and cal ibrat ion of t he  county 
s t ra teg ic  model, Document 206, Leeds. 
6 EVANS, A.W. (1971) The cal ibrat ion of t r a i p  d i s t r ibu t ion  models 
with exponential or  similar functions. - Transportation 
Research, volume 5, pp 15-38. 
7 BATTY, M, MACKIE, S (1972) The cal ibrat ion of gravi ty  entropy 
and re la ted  models of s p a t i a l  in teract ion,  Environment 
and Planning, volume 4, pp 205-233. 
8 MACKETT, R.L. (1973) Shopping i n  the  c i t y  - t he  application of 
an intra-urban shopping model t o  Leeds, Working Paper 30, 
Department of Geography, University of Leeds, Leeds. 
9 ITE Technical Committee 6F6 (1977) Land use and demography: 
growth versus forecast ,  TrafTic Engineering, March, pp 42-44. 
10 MACKETT, R.L. (1974) A res ident ia l  location model incorporating 
spa t i a l l y  varying leve ls  of information, Regional Studies, 
volume 8, pp.257-265. 
